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(71) We, AMERICAN CYANAMID 
COMPANY, a coiporation organized and 
existing under the laws of ^e State of Main^ 
United States of America, and having its ex« 
5 ecutive offices at Wayn^ New Jers^, United 
States of America, do hereby declare die in* 
vention, for vMch we pray that a patent may 
be granted to us, and the mediod by which 
it is to be performed, to be particularly de- 
10 scribed in and by the following statement:— * 
This invention idates to shaped, porous 
catalyst particles useful in hydiotreating 
petralemn xesiduun)^ and to a petroleum 
residuum hydrotreating process employing the 
15 catalyst particles. 

Id the past, catalyst materials used in 1^- 
drotieating processes weie genoally of 
spherical or cylindrical shape. Sudi convex 
catalyst particles provided desirable acdvity 
20 for die specific hydrotreating processes con* 
sidered at the time. Since ±e particles also 
had de^ble physical properties and were 
readily prepared, little interest was devoted 
to novd catalyst ^pes and sizes. The lack 
25 of interest apparendy arose because it was felt 
that small particles would cause intolerable 
pressure dr^s, diat distinctive shape would 
have adverse effect on physical properties, 
that no advantage would arise from shape dis- 
30 tincdons, and, in fact, that any increased 
void fraction would r«luce reactor activity 
because of die lesser weight of catalyst present 
per reactor volume oocasianed by tiie larger 
vdd fraction. 
35 Recent Portages in petroleum supplies 
coupled widi increased demand for products 
diereof have necessimted rellanoe on second- 
ary sources in liKxeasing amounts These 
secondary sources require more extend hy« 
40 drotreating and are more difficult to process. 
Use of conventional spherical or cyhndri^ 
catalyst partides does not result in effidenx 
hydrotreadi^ of petroleum residuum. Re- 
course must be had to more effective catalysts 
45 for hydrotreating if the shortages are to be 
alleviated by resort to secondary sources. 

In United States Pa^ 3^74^ to 
Hockstca et oL, diere is disclosed a process 
for hydrotreatiiig petroleum redduum by use 



of small catalyst partides of distinct shape, 
which at die same time, have a majoriQr of 
pores having a diameter in the range of 
100—200 Angstrom units. The ^talyst b 
said to provide an increased service life over 
conventional cataljrsts and the extended life 
is thought to be due to the combination of 
^e ]arg&-pore alumina substrate and anall 
partide size^ with die diape characteristics 
providing reduced pressure drop compared to 
nomial ^aped small partides. Although this 
U.S. Patem provides a catalyst of extended 
service life^ it does not provide inqnoved 
activity in use. Since activity decreases with 
service lif^ die extended serWce life provided 
is at a low levd of activity. 

There continues to exists therefore, the need 
for hydrotreating catalysts useful in process 
ing petroleum residuum that not only provide 
extended service life but also provide inq^roved 
activiQT dirougjiout service life of the catalyst 
partides. 

In accordance widi die present inventiao^ 
there is provided a porousj hj^drotreating 
catalyst partide having a composition comr 
prising a major portion by wdght of alumm^» 
optionally up to 36 wei^t percent of dlica, 
based on the total we^jfat of silica and 
alumina; from 10 to 20 wdgjit percent of 
molybdenum oxide^ and a total of 1 to 8 
wei^t percem of an oxide selected from cobalt 
and nickel cuddes and mixtiTO diereof, said 
percentages bdiig based on die total weight 
of said catalyst partide; said partide being 
m the fomi of a concave geometric solid; 
said solid being characterized fay a concavity 
mdex gceater dian 1.0^ a void fraction in die 
range d 025 to 0.60, a partide size defined 
by a ratio of geometric volume to geometric 
surface in die range of 0.001 to 0.042 inch, 
a catalytic surfece area greater than 150 
square meters per gran^ and a catalytic pore 
vohnne m die range of 035 to 0.85 cubic 
centimeters per gram; said pore volume re- 
sulting from a major portion of poies of 
diameter m the range of 40 to 90 Ai^gstnan 
imits when measured widi mercuiy at up to 
50,000 pounds per square indi absolute pres- 
sure and a contaa angle of 140^. 
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In accordance with the process aspect of 
the present invention, there is provided a pro- 
cess for hydrotreating a petroleum residumxv 
which process comprises contacting said 

5 residuum with a fixed bed of catalyst panides 
of this invention in die presence of hydrc^gen 
at a flow rate of 500 to 5,000 standard cubic 
feet per barrd of residuum, at a liquid hourly 
spac^ velocity of 020 to 5.0 reciprocal hour, 

10 at a temperature in the range of 600 to 
850** F., and at a total pressure in the range 
of 200 to 10,000 pounds per square indi 
gauge. 

Unexpectedly, ^ present invention in pre* 
15 fened instances provides catalyst partides that 
axe improved in activity and show lower de- 
creases in activity with time of servioe tiian 
do prior art catalysts. 
In order that die size and shape diarac- 
20 teristics of the catalyst partides may be dearfy 
tmdeestood, die following discusaon is giveiL 

Concavi^ Index. 
A geometric solid is convex if all pairs of 
points lying within or on the cross-sectional 

25 surface of die solid can be connected by a 
straight lii» whidi is completdy contained 
widiin or on the surface thereof. (Conversely, 
a geometric sdid is concave if pairs of points 
lying within or on the cross-sectional surface 

30 the solid can be connected with a straight 
line wfaidi is not completdy contained widiin 
or on the surface of the solid. The geometric 
vdume of a convex solid of the minimum size 
necessary to contain a concave solid will be 

35 greater than the geometric volume of die con- 
cave solid. Letting Vz equal die volume of the 
minimum convex solid and Vo equal the 
volume of the contained concave solid, the 
Concavity Index, C, is given by the expres- 

40 ^on: 

In Oder fcs die geometric solid to be concave, 
the value of Concavigr l^dex must be greater 
than 1.0. Since the present invention requires 
45 concave sdids^ the Ccmcavity Indoc nmst be 
greater dian IX) and preferably is 1.05 to 



Void Fraction. 
The void fraction rqpiesents ifae doseness 

50 oi partide i^ddng diat can be obtained with 
partides of a given shape. In a given geo- 
metric volume of space, a spcdBc mmiber of 
catalyst partides can be padced. Multiplying 
the geometric vdume by the number <S 

55 partidesi, a total geometric partide volume^ 
Vp, is obtained. If die apparent geometric 
volume of space packed is there will exist 
void ^ce Vt, not amiaUy occupied by 
catalyst partides, Thu^ yi=Vp+Vt. The 

60 void fractions E, assodated with a ^vea diape 
is given by the expiessiffli 



~ vT"" V,+Vp' 

In order for a catalyst particle to be useful, 
in accordance with the present invention, it 
must have a void faction in the range of 65 
025 to 0.60, preferably from 0.35 to 0.50. 

Ratio of Geometric Volume 
to Geometric Surface. 

Catalyst particles of the present invention 
have a dsaracteristic volume and geometric 70 
surface area assodated therewith as a conse- 
quence of their cross-sectional shape and 
length. The geometric volume and geometric 
surface area are readily calculated from ap- 
propriate measurements assodated with the 75 
perfect geometric forms. Actual catalysts ap- 
proximate sud^ forms and their vdumes and 
surkoe areas can be dosely estimated from 
the corresponding geometric modds. The 
ratio of geometric volume to geometric sur« 80 
face area is indicative of partide size and 
should be in die range of 0.001 to 0.042 indi, 
preferably from 0.005 to 0.025 indu 

In addition to the geometric considerations 
reflecting partide size and shape, it is also 85 
nece^ary for the catalyst partides to possess 
certain chatac^ristics diat are assodated with 
catal3rtic action. These characteristics and 
methods of measurement are given next 

Catalytic Stirface Area. 90 
The catalytic surface area is expressed in 
square meters per gram and is determined 
in accordance with the procedure described 
by R W. Daesdier and F. H. Stross in AnaL 
Chem., VoL 34, page 1150, 1962. This value 95 
^ould be greater than 150 square me^ per 
gram, preferably greater than 200 square 
meters per gram, and more preferably from 
250 to 300 square meters per gram* 

Catalytic Pore Vohime. lOO 
The catalytic pore volume of the catalyst 
partides represents internal cavities dierein. 
Measurements are made by conventional pro- 
cedures based on mercury penetration at 
50,000 pounds per square inch absolute pres- 105 
sure using the contaa angle of 140**. In diis 
procedure, both total pore volume and pore 
diameter are demrmined. Catalyst partides of 
the present invention wHl have a to^ pore 
volume in the range of 035 to 0.85 cubic 110 
centimeters per gram widi the majority of 
the pores having a diameter in die range of 
40 to 90 Angstrom units in accordance widi 
tile mediod determination specified. 

A ptreferred ^ape for die catalyst partides 115 
of this invention is a "three-leaf dover** 
shape sudi as shown in Fig. 8 of the ac- 
companying drawings. More predsdy, dus 
shape is identified as a trilobal cross-sectional 
shi^ such diat the lobes are defined by 120 
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circles having Gcnters and equal diaxneterSy 
the centeis oi which drdes are spaced from 
eadi other so that lines joining ^eir centers 
form an equilateral tnan^e. 
5 In addition to the geometric size and shape 
relationships and the catalytic diaracteristicsy 
the catalyst particles will also have a ^dfic 
chemical compositiony whidi is next discussed* 
llie cataljrst particles will comprise a major 
10 portion by weight of alumina and, in par- 
ticular, sxnall-pore alumina so as to be con- 
sistent widi die catalytic characterisdcs speci- 
fied above. The ahimina will dius be the 
major structuxe-fonning oon^nent of the 
IS catalyst parddes. In addition to alumina, the 
catalyst particles may contain up to 36 weight 
parent of silica, based on the total weight of 
^ca and alumina. The amount of silica added 
as sudi will generally be up to 5 weig}it 
20 percent, same basis. When added in die fozm 
of aluminosib'cate, such as a zeolite, it may 
be as hi^ as about 45 wdg^t percent of zeo- 
lite, dius giving rise to 36 wei^t pereent 
maximum oi silica, as indicated* 
25 ' The catalyst particles will also contain from 
10 to 20 wei^t percent of mdybdenum oxide 
and from 1 to 8 wei^t percent of an oodde 
selected from cobalt and nickd oxides and 
mixtures diereof . These constituents serve as 
- 30 promoter materials and are based on die total 
weight of the catalyst partide. 

In the preferred mediod for prq^axing the 
catalyst particles of the present invention, 
prec^tated alumina is prq>ared in accozd- 
35 anoe with conventional prooeduzes, well- 
known in the art After mttatifm, washing, 
and adjustment in composition as may be 
depred, the predpitated alumina is spray- 
dried in accoidanoe widi conventional pro- 
40 cedures. The ^ray-dried alumina powder may 
then be prepared as an extrusion mii^ incor- 
porating dierein,^ if desired, die promoter 
mgredients. Typcally, nux-mulling is em- 
ployed in providing die extrusion mix. The 
45 extrusion mix is dien extruded dmnigh a die 
having orifices of the desired cross-secdooal 
diape and the extrudate is cut to die proper 
lo^gth to provide the desired shape charac> 
teristics specified. The extrudate is then sub* 
50 jected to drying and calcination in confonnity 
widi conventional procedure& If provision f6r 
promoter incorporation was not made prior 
to extrusion, the calcmed extrudate may be 
suitably treated with promoter materials and 
55 a^ain calcined, in accordance with conven- 
tional procedures. Advantageously, prepara- 
tion of catalyst partides of die present inven- 
tion requires no new processing steps, but 
mady requires conventicmal processing di- 
60 rected to the novd combination of geometric 
catalytic and oompositicmal features of the 
catalyst partides as described. 
In addition to extrusion, catalyst partides 
the present invention may be isiq>ared by 
65 odier procedures. For tampit, die shaped 



artides can be obtained by tabletizing or 
pdletizing, or molding, etc 

The catalyst partides prepared as described 
are useful in hydrotreating petroleum resi- 
duums. In hydrotreating reactions., three ef- 70 
fects are observed. Prinoarily, hydrodesulfiiri- « 
2aAm is accomplished. Hydrooadung^ to a 
limited extend and nitrogen removal may also 
occur. Aocorduig^y, hydrotmting is the in- 
ferred term used to describe the catalytic re^ 75 
actions effected since it is gieneric as to the 
effects observed. 

In carrying out the process of the present 
invention, a petroleum residuum is contacted 
widi die camlyst particles described in die so 
presence of hydrogen gas at specified values 
of tenq)erature, pressure, and space vdodty. 
The catalyst partides are present in the form 
of a fixed bed and generally several beds are 
employed. Preferably, the catalyst partides 85 
are first subjected to a preliminaiy sulfiding 
but even if this step is omitted ^e catalyst 
will eventually be in the sulfide form because 
of the hydrogen sulfide evdved in the hydro- 
treating. In carrying our the hydrotreating, 90 
the hydrogen gas and residumn are mixed and 
fed downward through die catalyst bed. Qitar 
lyst bed size and residuum flow rate are ad- 
justed so as to provide a liquid hourly ^ce 
vdodty in die range of 0.20 to 5.0, prdfer- 95 
ably 0.2—0.8 redprocal hour. Hydr^en flow 
rate is from 500 to 5000 standard cdnc feet 
per band of residuum, preferably 200(^ 
4000. The reacticm temperature is in die range 
of 600** to 850^ F. preferably 650**— 750* F. 100 
and the total pressure is from 200 to 10,000^ 
preferably 600 to 1,000 pounds per square 
inch gauge. 

By using the catalyst partides of the 
present invention in die hydrotreatment of 105 
petroleum residuum according to the process 
described, good h3^drodesulfurization activity 
is obtained. In addition, the cataljrst partides 
of the present invention exhibit good stability 
of activity on extended use. Th^ results are 110 
highly unexpected in view of the faa that 
prior art t^diings indicate that large-pore 
alumina is required to prevent rapid catalyst 
deactivation in hydrotreating of petroleum 
residumns, which normally contain metallic 115 
contaminants. Quite the contrary to such 
teachings, the present invention provides good 
stability of catalyst activity in hydrotreating 
such residumns and, at the same time, pro- 
vides good activity diroughout normal use. 120 

The invention will be described further 
with reference to the accqpanying drawings 
in whidi: 

Figure 1 is a graph comparing the 
Average Rdative Volume Activities of diaped 125 
catalyst partides contemplated by the present 
invention with conventional catalyst partides 
of the prior art; 

Figure 2 is a graph comparing the Average 
Relative Wdght Activities of die same cata- IJO 
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lyst particles considered in Figure 1; 

Figure 3 is a graph comparing the Relative 
Activities of catalyst partides of die present 
invention with those of catalyst partides of 
5 the same composition having conventional 
configuration, the comparisons being imder 
prescribed conditions; 

Figure 4 is a graph comparing tiie Average 
Relative Weight Activities of catalyst partides 
10 of the present invention wiA conventional 
catalyst partides (rf like composition; 

Figure 5 and 5A ilhistratB a '*plate",^ a 
convex cataljrst not contemplated by this in- 
vention, wfaeidn the dimensions are L= 0.186 
15 inch. D=0.094 indi, and cl=0.056 indi; 
Figures 6 and 6A iUustiaffi a. "dmxdMl" 
configuration of diis invention ^lerein the 
dimensions axe L=0.202 indi, D=0.0473 
indi, and d=sO.0532 indi; 
20 Figures 7 and 7A illusirate a "figure ei^r 
confieuratiOQ ctf 'diis isTention wherein the 
dhnttsions ate L=0.1814 indi, D=0.092 
indi, and d=0.0541 indi; 
Figures 8 and 8A illustrate ''tiixee-leaf 
25 dovex^ tiildbal omfiguration of this invention 
^vhetdn the dimenaons axe L=0.212 indi, 
D«0.0919 indi, d=0.0477 indi, T=a0442 
indi, and <i==60''; 
Figuxe 9 iUusttates an imdimendoned oval 
30 convex configuration not cooiemplated by tiiis 
invention; , , 

Figure 10 illustrates an ondimoisioned 
tetrdobal configuration of tiiis invention; ^ 
Figure 11 illustrates an nndimen^oned rmg 
35 or *'doouf' configuzation contemplated 
tiiis invention; 

Figure 12 represents mercury penetration 
of catalyst partides in pore volume and the 
pore size distribution analyds, the larger 
40 curves diowing pore size and die analler 
curves showing the idation^p of pote ^ 
to total pore volume; and 

Figure 13 is a graph of sulfur removal 
against time of service use for catalysts of 
45 the present invention and a comparative cata- 
lyst in hydrotreating of petroleum readuum. 

The invention .is illustrated by the ex- 
amples whidi follow wherwtt all parts and 
percentages are by wdght unkss otiierwise 
50 specifically illnstrattd. 

The examples are dWided mto groups dis- 
tinguished by eidier a letter or number desig- 
nation. The lettered examples illustrate use 
of catalyst partides of this invention inhy- 
55 drotrcating processes involving fud oib while 
the numbered examples illustrate^ 
catalyst partides of this itivention in hydro- 
treating processes involving petroleum rcsi- 
duums. In bodt groups of examples, advant- 
60 ages in activity as a result of catalyst shape 
are shown. In the lettered group of examples, 
no specific advantages with respect to pore 
diameter ate apparent so that toaib as to 
pore diameter are not presented; die pore 
55 diameters axe however within die so^ of 



this invention In die immbered group of ex- 
anqiles, where spedfic advantages result from 
pote diameter, diese values are gh^en. Thus, 
the numbered examples iUustrate the comlu- 
naticm of various diaracicxistics of catalyst 70 
partides diat constitute the product aspect of 
the present invention and illustrate hydro- 
treating of petroleum readuum using the 
catalyst partides of the invention, whidi con- 
stimtes the process a^ea (tf die pxesenc in- 75 
vention. 



Examples A— G. 
A series (tf shaped partides were made as 
follows: 

One thousand and thirty gallons of water 
are diarged to an agitated tanlc Over a period 
of about 45 nunutes, 3,940 lbs. of sodium 
aluminate solution (28% AljOj, about 157o 
excess NajO) and 5,430 lbs. of alummum 
sulfate sdution (7.8% AI2O3) are metered 
into die water bed. The rates are adjusted 
so as to hold die pH at about 8 J. When die 
aluminum sulfate sdution is used up, the 
sodium aluminate sdution flow is continued 
so as to bring the pH of die batdi to lOJ. 
The batch temperature diould be about 120"F. 
when die final pH is readied. ^ 

Hie residting alumina slurry above is fil- 
tered and washed (usmg 9.0 pH water) over 
a rotary vacuum filter to remove the fiidfate. 
Nitric add is added to die repulped washed 
cake to adjust die pH down to 7.0—7.5. The 
pH adjusted slurry is washed over another 
filter to remove the Na20. 

The resulting washed slurry above is spray 
dried to give a coarse powder. 

The spray dried alumina powder (363 
pounds) is diarged to the muller along with 
425 pounds of water. Thereafter 285 pounds 
of ammonium molybdate sdution (28% 
M0O3) foUowed by 108 pounds of cobalt 
nitrate sohidoa (16% CoO) are added to die 

The batdi is mixed for a period of about 
10—15 minutes, dien 75 pounds (ignited 
basis) of alumina powder is added to the mh^ 
after which the batdi is moiled for an addi- 
tional 10—15 minutes. 

Using die desired die (shape of extmdate) 
tiie muller mix is extruded through an ex- 
truder (Welding Engineer Extruder 2010). 
The exizudates are cut^ dried in an oven to 
about 20% loss on igniti(»i» and then caldned 
at a temperature of 1200^ F. for 1 hour. 

The above procedure is a procedure used 
to produce Examples H, I, J and K referred 
to bdow. Exanqte A, B, Q D, E, F and G 
and L and M axe prepared in essentially the 
same manner except that die cobalt nitrate 
sdution and anmumhim mdybdate solution 
usag^ would be adjusted to give a 6% 
C0O-— 12% MoOs content as opposed to 3% 
cobalt oxide — 15% molybdenum oxide con- 
tent of Exan^les H-^K. In this series normal 
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"1/16" and ''l/lg" inch exlrudatts (< 
ers) were made for rBferenoe purposes. 
catalysts and catalysts of diis invendon are 
compared employing the foUowing described 
5 Gas Oil Test for desulfuiization and denitro* 

giB lffltyOfI, 

Gas Ofl Test 
Gas on Descripdco 
Gravity =23.3^ API 
10 Bofling Range =490-^7*" F. 
Sulfur C(mtent=1.0% 
Basic Nitrogen Content=SlS ppm 

The catalyst is charged into tibe reactor by 
vc^ume. Two 25 oc catalyst beds are used in 
15 series. Each of these beds is dilutBd with 
^ass beads to a total of 100 cc^s. The beds 
are separated with a ^ass wool plug. 

The catalyst is then ptesulfided as fdlows: 

1. The reactor is heated to 600* F. in 
20 flowing nitrogen at atmoqiheric pressure. 

2. At 600^ F. the mtrogen is stopped and 
a mixture ^ 90% H, plus 10% H^S by 
volume is passed over the catalyst at 0.85 
SCF/hr. for 30 inimiles. 

25 3. The reactor tem pwa t u re is then raised 
to 700** F. and held for 2 hours with die 
Ht/H»S mudure as in 2. 
^ 4. After 2 hours the reactor temperature 
« reduced to 450»F.widiHi/H,Sflwtog. 

30 This c«q)le tes die presuBtdmg. 

The process oonditioas used are as ftdlcws: 

Temperature =650 and 725^ F. 
PrcsaOT=750 psig 
SpooB Velocity=2 LHSV 
35 Hydrogen Recyde Rate^ 1000 SCP/BU 

Three ^pks are collected at eadi tcm- 
perature. These sanqiles are scrubbed widi 
nitrpgen and a portion is then analyzed for 
basic nitrogen by U.O.P. meriiod 269^59. 
40 The remainii^ porticm of the sample is 
wa^ed widi disdlled Water three times when 
analyzed for sulfur by the Dohrmann sulfur 
analysis. Since dus is a diffusion influenced 
rcactjOT die size of die partide affects its 
45 activity. Results for these two cylinders (1/8 
inch and 1/16 indi extrudates) are used to 
establish the diffusion curve. Activities ot>- 
tained f (nr shaped parddes are dien compared 
to the diffusion curve at equal partide size. 
50 In Older diat different ^ped portides can 
be readily compared, pardde size is defined 
in terms its volume to g^t**™*] surface 
ratio, Vp/Sp. 
Jn this study two f2) shapes other than 
55 qdinders were made, but of these has been 
designated the "dumbbell". The odier has 
been termed a "3 leaf dover". The paninilar 
^'dumbbell" is illustrated in Figure 6 of the 



60 



acconq>anying drawings and the particular 
"3 kaf dover" is ilhistrated in Figure 8. 



In Table I set forth bdow activity resuhs 
for these catalysts are shown. Equal volumes 
of die otalyst are charged and bodi su^ 
and nitrogen removals- are measured at two 
temperatures as described above. Recent cal- 65 
cmd<m have shown diat at bodk 650^ F. 
and 725* F, the reactor operates m the 
"^cfcle" phase (hydrocarbon exists as both 
liquid and vapor). Jn Series I (Catalyst 
A— D) the catafysts were tm^fte edctned in 70 
a common batch. The series n catalyst 
(Catalyst B— G) were rotary cddned in 
separate bardies^ Activity results are displayed 
in texms of percentage removals and relative 
activities on bodi a weight and volume basis. 75 
The rdative activities are the most meaning- 
fid numbers. They are simply defined as die 
ratio of second order rate constants (catalyst 
activity) for die catalyst of interest to Aat of 
the reference catalyst In eadi series die 1/16 80 
inch cylinder tos defined to be 100 activity. 
Relative activities can be simply interpreted 
as die percentage of activity of the reference 
catalyst (1/16 indi c^inder). 

In Series I bodi die relative weight and 85 
volume sulfur activities of the shaped parti- 
des are greater than that of the 1/16 inch 
q^linder. In Series 11, with the exception of 
one data point i^ch is not believed to be 
statistically significant, a similar advantage 90 
for sulfur removal is evident Aldiou^ the 
two series do not agree exacdy (possa>ly due 
to differences in ^dnation) ^r average 
results shown that the shapuL partides have 
more sulfur removal acthriqr on both a weight 95 
and volume basis. 

In Table 11, set fonh bdow, die physical 
properties of die catalysts are given. The 
significant dimension in terms of mtertdised 
partide size k the Vp/Sp ratio. This ratio iflO 
shows that die order (rf increasing size is: 

1/16" CyU<dumW)elll<3 leaf dover< 
1/8" qi Widi respect to diffusion die rela^ 
tive activities diould increase with decreasing 
Vp/Sp, The Gas on Test result^ however, 105 
do not correalate widi Vp/Sp. Rather, d^ 
show an une^iected advantage for the ^aped 
partides. If another mode of mass transfer 
is affecting the results, bulk mass transfer, 
then one might expea that the Gas Oil Test 110 
results should correkte widi total geometric 
surface (total surface in Table II). However 
the activity results do not correlate whh total 
surface and again diow an unexpected ad- 
vantage for sh^)ed partides. The ABD values 115 
show that the dumbbells pack much more 
loosdy than the odier partides. 

In Figure 1 of the accompanying drawings 
die average rdative volume activities are 
plotted vs. particle size. The straight line 120 
shown is the diffusion curve obtained from 
die CTlinders. It agrees well widi theory. Bodi 
die dumbbell and die 3 leaf dover are above 
diis curve which is a surprising result The 
dumbbell is not as active as the 3 leaf dover 125 
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cm this volume basis at least in part because 
of its low ABD. 

A similar graph for weigjit activities is 
shown in Figure 2. Both shapes are signifi- 
cantly above the diffusion carve and have 
approadmateiy the same activity. 

Finally in Table III pressure drop data are 
shown for the shaped partides compared to 
the 1/16 inch qrlbder. Bodi absolute pres- 
sure dxops and relative pressure drops as a 
function dt flow rate are ^ven. In this test 
50 cc. of cata^ is loaded into a tube and 



the pressure drop from flowing air is 
measured. Both shaped partides of tiiis in- 
vention show about die same pressure drops 15 
and a significant pressure drop advantage 
(about 40% lower at the more important 
flow condition) compared to the 1/16 inch 
cylinder. For the dumbbell the lower pies- 
sure drop is a direct result of its low ABD. 20 
For the 3 leaf dover &e lower pressure drop 
is a result of its increased size (Vp/Sp) and 
slig^y lower ABD. 
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Examples H— J. 
Additional examples for shaped catalj^c 
particles are heiein reported. A mailer mix 
prepared as described above of a 3% cobalt 
5 oxide, 15% molybdemm oxide balance 
alumina was used to extrude these partides 
(1/16, l/V[ qrlindeis, dmnbbell and 3 leaf 
dover). Activities were obtained on a Hating 
Ofl Test described bdow: 

10 Heating Oil Test 

Heating Oil DescriptitHi 

Gravity=342'^ API 

Boiling Ranges435— ^'*F. 

Sulfur CQntBnt=1.4% 
15 Basic I^trogen= 35 ppm 

The catalyst is charged to the reactor by 
volume. Two 25 cc. catalyst beds are used 
in series. Each of tiiese beds is diluted with 
glass beads to a total 55 cc's. The beds axe 
20 s^arated with a ^ass wool plug. 

The catalyst is then pzesulfided via the 
fcdlowing scheme: 

1. The catalyst is heated from room tem^ 
perature to TOO'^F. in a mixture of 10% 



HjS plus 90% Hs flowing at 5 SCF/Hr. at 25 
atmosj^ieric pressure. 

2. The catalyst is then held at 700^ P. in 
this mixture for 1 hour. 

3. The reactor temperature is dien lowered 
under flowing hydrogen to 600^ F. 30 
The process conditions uasd are as follows: 

Temperature=600, 700® F. 

Pressures 500 psig 

Space Velodty=4 LHSV 

Hydrogen Rccyde Rate=1000 SCF/BU 35 

Three samples are collected at each tem- 
perature. These samples are scrubbed with 
caustic: water: caustic and finaUy water again. 
They are then sent for Ddmnann Sulfur 
analyses. 4Q 

Tlie activity results are shown fas Table IV. 
The results diow an advantage for shaped 
partides. A graphical presentation of the data 
is given in Figure 3 for the 700* F. point. 
Activities for the shaped partides are above 45 
the diffusion curve. Finally, physical proper- 
ties of the cata^ comiMaed are gmn in 
Table V. 



TABLE IV 



HEATING OIL RESULTS 



Catalyst ID Description 



% Relative Activities 
Vr. Sulfur Removal Volume Weight 
bWF 700«F 600*»F 70l)*»F 600^ 750" F 



H 


"1/16" inch cyUnder 


46.1 


86.5 


100 


100 


100 


100 


I 


Dumbbell 


43.0 


87.3 


88 


107 


106 


128 


J 


3 Leaf Qover 


49.6 


88.1 


lis 


116 


lis 


116 


K 


1/8' Cylinder 


44.0 


8S.0 


92 


88 


87 


83 



TABLE V 
PHYSICAL PROPERTIES 



I.D. Description 
H "1/16" inch Cylinder 
I Dumbell 
J 3 Leaf Clover 
K 1/8' Cylinder 



Volume Surface 
particle particle 

Vp 

Ungth Dia. Vp Sp Sp PV ABDCBD CS CSfL 
(in.) (in.) (in.)' (in,)2 (jp.) cc/g g/cc g/cc lbs. Ibs/in. 



.142 .053 .000316 .0282 .0112 .50 

.177 — .000838 .0704 .0119 .50 

.180 — .000933 .0695 .0134 .51 

.201 .115 .00209 .0934 .0224 .51 



.71 .76 12.3 93 

,60 — — _ 

.70 .74 23.3 174 

.74 .78 27.7 223 
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TABLE VI 
OAS OIL TEST ACTIVITY RESULTS 



Catalyst % Sulfur Removal 
I.D. Description 530F 725F~ 



Rdative Activities 
Volume 



L 
M 



Hgure Eight 
Flat Plate 



86.2 
8S.3 



97.8 
96S 



6S0F 
117 112 
110 78 



Weig ht Vp/S p Concavit y 
650F^ Ti5F ml C 



120 
104 



115 
74 



.0139 
.0154 



1.04 
1.00 



TABLE Vn 
PHYSICAL PROreRTlES 



I.D. Description 



Ungth Dia. Vp Sp Vp/Sp PV ABDCBD CS CS/L 



L Figure Eidit 

(Hg. 7 Drawings) 


.181 


— .000756 


.0544 


-0139 .55 


.64 


.71 52 415 


M Hate Plate 

(Fig. 5 Drawings) 


.187 


— .000874 


.0567 


.0154 .56 


.68 


.72 57 455 



Examples L— M. 
Using tiie same catalyst material as was 
used in Examples A— G and die same test, 
5 these catalysts were rotary caldned as were 
the Series II catalysts m TaUe I heieinr 
befoze. 

The diapes studied were a figure eight with 
a smatt amount of concavity> 1.04, and a 

10 fiat i^te which is convex^ C=1.00, but with 
a non-drcular cross sectioa Hiese results are 
shown in Table VI. The average results from 
catalyst A and catalyst C were used to cal- 
culate ihs relative activities in Table VI. To 

15 simplify the data inteipretation the average 
relative weight activities ^650** F. anid 
725^ F.) is plotted as a function of pardde 
size in Figure 4. In general those particles 
with a concavity index, C, equal to 1.00 fall 

20 on ^ diffusion curve. The figure eight with 
C=1.04 falls above the diffusion curve but 
not as hig^ as those with C=1.10 or greater. 
These data tend to siq>port the hypodiesis 
that C must be greater than 1.00. Figure 4 

25 demonstrates that Preferably, C should be 
in the neighboihood of UO. 

It will be apparent that the above- 
described invention and parameters relate to 
freshly prepared catalyst particles oi unique 

30 ^ and shape and does not contemi^te 

ventional catalyst shaped and aze having im- 
perfecdon therein of the xypt that may be 
described as knid;;^ chips, abrasions, bends 
and tibe like. 

35 In Eiomple A— M, inclusive, die advantages 
in acdvity in processing gas oils is apparent 
for catalysts of unique shape. In hydrotreating 
gas oil^ however, a wide range of average 
pore diameter in die catal]^ material may 



be used effectively, i.e., the acdvity values 40 
appear to be influenced by &e shape factor 
apart from any influence resulting from 
average poie diameter. This is apparendy 
due to the foa that the gas oib have a rela- 
tively low boiling range, refiectmg relatively 45 
low molecular weigjit of components^ and are 
essentially free from metallic components. 

In the numerical examples ^^ch follow, 
hydrotreating is effected on petroleum resi- 
duums, wiadb, contain metsdlic contammants 50 
and have a hi^r boiHng range than gas oils, 
reflecting rdatively higgler molecular wei^t 
components than in gas oil These properties 
of the feedstock processed have been held to 
influence the speciflc average pore diameter 55 
of catalysts that can effectively be employed. 
Therefore, in die numerical examples the 
averap poce diameter values are given. 

Sample 1. 

A precipitated alumina was prepared em- 50 
ploying silica hydrogd in the heel used to 
prepare the strike. The resulting precipitate 
was washed free of salts. Ammonium hepta- 
molybdate [(NH4)eM07O24] and water were 
added to fonn a spray-dryer feed and spray 55 
drying was carried out in accordance with con- 
ventional procedures. 

To 35 pounds of die spray dried powder 
was added 34 pounds of water and 107 milli- 
liters of concentrated HNOs. The mixture was 70 
mulled to an extrudable conastency and tiien 
extruded u^g a die containin;; orifices in the 
"dover-leaf shape. The extrudates were dried 
at 120° C for 16 hours and then calcined at 
650** a for 1 hour. 75 

An 800 gram portion of die calcined ex- 
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tmdates was impregnated with an aqueous 
scdutioii of 136 grams Co(N0s)2 . 6H2O and 
53 grams urea. The impregnated eztrudates 
were dried at 120° C for 16 hours and then 
5 caldned at 650'' C f or 1 hour. 

Estrudate properties are given in Table 
Vin, porosity in Figure 12» and activity in 
Vigm 13. 

Ezanqde 2. 

10 ^ The procedure of Example 1 was followed 
in every material detail except that drying 
and calcining of the eztrudate was carried out 
in the presence of a positive air flow by plac- 
ing a vacuum line beneath tb& ca^ystpaitides 

15 placed in a rad^ The air flow was employed 
in the drying and caldnmg steps prior to and 
aibsequent to in^rc^tion. 

Exmxdate properties are also gjven m Table 
Vm and Figures 12 and 13. 

20 Con^nrative Example 1. 

A spray dried precipitated alumina was 
prepared accordiiig to conventional pro- 
cedures. To 20 pounds of the altimina was 
added 5 ponnas of silica hydrc^ of 

25 7.2% calcined solids« 2.84 poimds of 
Cd(NO.}i . 6HA 2M pouods of 

1.12 pounds urea, 14.0 pounds water, 1.5 
pounds ammonia hydmxide (28% NHs), and 

3Q 80 grams of Superfloc (a hi^ molecular 
wei^t polacrylamide). The mixture was 
mulled to an extrudsi)le consistency and e&> 
traded as ''dover-leaf ' extrudates. The ex- 
trudates were dried at 120'' C for 16 hours 

35 and calcined at 650*^ C f or 1 hour. 

Extrudate pn^serties are also given in Table 
vm and Figures 12 and 13. 

In Table VUI, it can be seen diat the 
major differences In catalysts of the present 

40 inventicHi and that ot die prior art (Compaxa- 
tive Example 1) are the total pore volume^ 
mean pore diameter^ and compacted bdk 
density, the latter prpperqr being infii y nffl f 
by total pore volume. 

45 In Figure 12, the ^eaGc distribution of 
pore diameters in the catalyst materials can 
be seen and it can be readily qipredated that 
the majority of pores of catalysts of the present 
invention are within a narrow range of di- 

50 ameim m tbc range of 40--90 1. units as 
measured. 

^ In order to evaluate the catalji^ for ac> 
tivity over an extended time penod, the fol- 
lowing test procedure was employed. 



A suitable reactor was employed whidi con- 55 
tains two fixed beds in series each of a 
volume of 100 milliliters. In &e case of the 
catalysts of Example 1 and Conq)arative Ex- 
ample 1, the beds were eadi filled with 50 
milliliters of glass beads and 50 milliliters of 60 
glass beads intimately nuxed. In the case of 
the catalyst of Example 2, the beds were each 
filled with 100 milliliters of catalyst alone. 

The catalysts were pretreated in a nitrogen 
atxno^here at 600** F. and then contacted 65 
with a gaseous mixture of 90 moie percent 
H, and 10 mde percent H^S at 600-700*' F. 
for 2 hours at an absolute pressure of 50 
pounds per square inch. 

In the hydrotreating reaction, a residuum 70 
feedstock <tf the following properties was emr 
tdoyed: 

Kuwait Atmos. Resid. 
Gravity API 22.4 
Sulfur Weight Ptercent 3.6 75 

Metal Parts Per MOliott 

Ni 12 
Na 10 
Basic N 289 )0 

Hydrogen gas and the residuum were mixed 
together and fed into the top of the reactor. 
The conditions maimafned dutiiig reactioD 
were as follows: 

Temperature 725* F. 

Liquid Hourly Space 
Vciociqr 0 J lecqwocal 
hoczf 

6s addioon rate 1000 SCF/bamd 
Total Pressure 800 pounds/indi' 



85 



After various time intervals of reaction, the 
percent sulfur removal was detemuned and 
the data plotted as a function of time of 95 
operation. In die case of Sample 1, dupli- 
cate runs were made. The resute are shown 
in Figure 13* 

From Figure 13, it can be readily seen 
that sulfur removal is greater for the catalyst 100 
of the present invention dian for the prior art 
catalyst It can also be seen diat as the time 
of tise for a catalyst increases, the prior art 
catalyst shows a much greater loss in ac- 
tivitv than does die catalyst of ti» present 105 
inventiott. 
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SHAPED EXtRUDATE PROPERTIES 



12 



Pmnertv 


Example 1 


Example 2 


Comparative 
Example I 


Pore Volume (HjO) ml. 
Pore Volume (Hg)* ml. 


0.49 
0.45 


0.47 
0.41 


0.76 
0.75 


Surface Area (Nj) mVgm 
Surface Area (Hg)* m%m 


237 
243 


254 


211 
195 


Mean Pore Diameter (Hg)* A 


68 


54 


146 


Compacted Bulk Density gA 


.76 


.80 


.55 


Particle Length (inch) 


0.114 


0.135 


0.12 


Maximum Diameter (D) (mch) 


0.51 


0.51 


0.53 


Composition Weight Percent 








CoO 
MoO, 
SiOj 
AlA 


4 

12 
2 

Balance 


4 
12 
2 

Balance 


4 
12 
2 

Balance 



*140° Contact Angle 

WHAT WE CLAIM IS:— 
L A porous hydrotreating catalyst pardde 
having a caii^>osition conxqxtisixig^ a major 

5 pardon by weight of alumina, optionally 
to 36 weig^ percent (A silica, based cm the 
total wei^t of silica and alumina; fnmi 10 
to 20 wei^t percent of molybdenum oxide 
and a total <rf 1 to 8 w^Jit percent of an 

10 oxide selected from cobalt and nidcd oxides 
and mixtures thereof, said percentages being 
based on the total weight of said catalyst 
pardde; said pardde being in ^ form of a 
concave geometric solid; said solid being 

15 diaracterized by a concavi^ index greater 
dian LO, a void fcacdon in the range of 0.25 
to 0.60, a partide size defined by a rado ol 
gecnnetric volmne to geometric siu&oe in the 
range <rf 0.001 to 0.042 mdi, a catalytic 

20 surfoce area greater tfamt 150 square meteis 
per gram, and a catalytic pore volume is die 
range of 035 to 0.85 cubic centimeters per 
gcam; said pore volume resulting from a 
major porticm of pores of diameter in the 

25 range erf 40 to 90 Angstrom units when 
measured with mercury at tip to 50,000 
pounds per square indi absolute pressure and 
a contact ang^ of 140°. 

2. A catalyst partide according to Qaim 
30 1, wherein the concavity index is from 1-05 

to 115. ^. ^ . 

3. A catafyst particle according to uami 



1 or Qaim 2, wherdn die void fraction is 
in the range of 0.35 to 0.50. 

4. A cralyst partide according to any pie- 
oedhig Qaim, v^erein the ratio of geometric 
vdume to geometric surface is in die range 
of 0.005 to 0.025 inch. 

5. A catalyst partide according to any pre- 
cedhig Qaim, wherein the catalytic surface 
area is greater than 200 square meters per 
gram. 

6. A catalyst partide according to any pre- 
cedhig Claim, ^dierein tiiere is present up to 
5 weight percent of silica as SiOg, based on 
die total weight of silica and alumina. 

7. A catalyst partide according to any 
preceding Qaim, wherein there is present up 
to 45 wd^Jit percent of a zeolite based on the 
total weight of zeolite and alumina. 

8. A catalyst particle according to any pre- 
ceding Qaim, wherein mdybdenum oxide is 
present in the amount of 12 weight percent 
and cd>alt cndde in the amount of 4 wdg^it 
percenL 

9. A catalyst partide according to any pre- 
ceding Chim, said partide being furdier 
diaracterized by a trilobal cross-sectional 
shape defining said concave geometric-solid; 
said trilobal cross-sectional shape being such 
that die lobes are defined by drdes having 
equal diameters, the centers of which drdes 
are spaced from eadi odier so that lines joining 



35 



40 



45 



50 



55 



60 
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said centers form an equflateral trian^e. 

10. A catalyst partide according to any 
preceding Qaim whidi has been sulfided. 

11. A process for hydrotieatiQg a petroleum 
5 residuum, viiich process comprises contacting 

said residuum witfa a fixed bed of catalyst 
partides according to any preceding Qaim» 
in the presence of hydrogen at a Bow rate of 
500 to 5,000 standard cubic feet per barrel 

10 of oil at a liquid hourly space velocity of 0.20 
to 5.0 reciprocal hour, at a temperature in the 
range of 600** to 850° R, and at a total pres- 
sure in die range of 200 to 10,000 pounds 
per square inch gauge. 

15 12. A process according to Qaim 11 
wheiem die hydrogen flow rate is 2,000 to 
4,000 standard cubic feet per band of 
residuum. 

13. A process according to Qaim 11 or 
20 Qaim 12, herein die liquid hourly spm 

velocity is 0.2— 0.8 reciprocal hour. 

14. A process according to any one 
Qaims 11 — 13, wherem die temperature is 
650"'— 750** F. 

25 15. A process according to any one of 



Qauns 11—14, wherein die total pressure is 
600—1000 pounds per square inch gauge. 

16. A process according to Qaim 11, 
wherein the hydrogen flow rate is 1,000 
standard cubic feet per band of oil, die liquid 30 
hourly space vdodty is 0.5 redprocal hour, 

die temperature is 725*"., and die total pres- 
sure is 800 pounds per square iiidi gauge. 

17. A process for hydrotreatitig a petrdeum 
residuum, according to Qaim 11 and sub- 35 
stantially as hereinbefore described 

1 8. A petroleum product d>tained by a 
hydrotreatmg process according to any one of 
Qaims 11 to 17. 

19. A porous hydrotreattng catalyst parti- 40 
de, according to Qaim 1 and substantially as 
described in aigr one die Exan^les herein. 

TREGEAK, THIEMANN & BLEACH, 

Qiartered Patent Agents, 
Enterprise House, Isambard Brund Road, 
Portsmoudi POl 2AN 
— and — . 

49/51, Bedford Row, London WCIV 6RL, 
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which copies may be obtained. 
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